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REMARKS 

I. Notes on the new claims 14-22. 

a) The invention relates in all of its facets to the automated checking of filter 

cigarettes having perforations in the region of the filter or in the region of a cork paper 
surrounding the filter. The perforations can be applied using mechanical elements (needles, 
pricks) or by laser technology. In high-performance machines the use of a laser-assisted 
perforation element is helpful and necessary because only a laser can be controlled accurately 
during the extremely short cycles of the packaging machine. 

The checking of cigarettes here is integrated into the production process of the filter 
cigarettes. The finished cigarettes pass through a checking assembly, where they are tested with 
respect to the proper air permeability in the region of the filter and, if necessary, in the region of 
the entire cigarette. The result of testing is employed as a control signal for the perforation 
element, namely in terms of increasing or reducing the passage of air. 

b) The measuring and control device pursuant to the present invention takes into 
account the problems arising from the high operating speed of the packaging machine, for one, 
and for another, the task of conducting as precise a system of checking as possible. Thus, a 
primary basis of the invention involves the continuous checking of the perforations applied in the 
cork paper of the filter cigarettes and the automatic and likewise continuous adjustment of the 
perforation elements based on the results of checking the cigarettes. 

c) The gist of the invention comprises the following features: 
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• checking is made of finished filter cigarettes, in particular a spatially separate 
checking of the filter with the perforations applied in the cork paper of the filter, 

• for checking purposes, compressed test air is conducted through the finished 
cigarettes, specifically via the free end of the filter, 

• at least the region of the filter is located in a closed testing chamber so that air 
emerging from the openings of the cork paper, namely exit air, enters the testing 
chamber, 

• attached to the testing chamber is at least one measuring device, namely a 
pressure meter, which detects the change of pressure in the testing chamber, 

• the measuring element/pressure meter is connected to a computer, to which the 
perforation element is also connected, the latter thus being controllable through 
the computer, 

• the exit air at the perforations of the filter is measured continuously or cyclically, 
with the measured results being introduced into a control loop for adjusting the 
perforation element. 

d) The technology configured with these features has proved surprisingly successful 
due to the following special characteristics: 

The measurement of perforations in the region of the filter is made with the use of 
compressed air. Accordingly, the test air is introduced under pressure into the filter at the free 
end of the latter. The air emerges through the perforations in such a manner that overpressure is 
created outside of the filter, namely in the testing chamber. This overpressure is measured and 
converted into a control signal. The test result can be processed in a surprisingly precise and 
technically optimum manner, even though the flow path of the test air is directed in the opposite 
direction of the air flow generated during the smoking of a cigarette. 

Another special feature is the placement of the testing chamber in the region of the filter. 
This results in a relatively short flow path for the test air. The filter, being an industrially 
produced item with very precise flow characteristics, ensures that only the test air flowing 
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through the filter and exiting in the region of the perforations provides exact information about 
the flow behavior of the openings. 

Of special importance for the integration of cigarette checking into a high-performance 
cigarette production process is the incorporation of the testing elements in a control loop for the 
control and actuation of the perforation elements. This control loop requires that the checking of 
the cigarettes is performed continuously with a permanent or cyclical evaluation in the region of 
the computer, with the corresponding relay of control signals to the perforation elements. 

e) A special configuration is also assumed by the testing unit, namely the elements 
for creating a closed testing chamber in the region of the filter. Here too, no model for this can be 
derived from the prior art, as will be explained below. 

Prior Art Rejections 

The Examiner issues the following two statutory prior art rejections: 

Claims 1-3 are rejected under 35 U.S.C. § 103(a) as being unpatentable (obvious) over 
Nowers 6 3 59; and 

Claims 4-13 are rejected under 35 U.S.C. § 103(a) as being unpatentable (obvious) over 
Nowers '359 in view of Wahle '409. 

Applicant respectfully traverses these rejections insofar as they may be applied to the 
new claims 14-22. These rejections have been effectively rendered moot by the above 
cancellation of claims 1-13 and by the addition of new claims 14-22 which have been drafted to 
overcome the Examiner's stated grounds in support of the rejection under 35 U.S.C. § 1 12, 
second paragraph. 
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II. Notes on the prior art 

1 . The main emphasis of the Office Action is put on US 4 569 359 to Nowers. This 
prior art relates in principle to the topic of the present invention but is based on a different 
technical concept and other detailed solutions. 

a) The technology of Nowers proceeds from perforations being applied in the region 
of a continuous web of tipping paper for the filter cigarettes. The correspondingly processed 
material web of tipping paper 1 is dimensioned such that double filters can be produced (Fig. 2). 
Accordingly, two parallel groups or rows of perforations are provided. The perforations are made 
by various perforating elements in the region of the paper web. Two parallel perforation rows 21 
are generated by conventional, mechanical perforation elements, namely by spiked rollers 2, 3. 
An additional perforation row 22 is then generated by a laser 4. The perforations 22 made by the 
laser are meant to be "fine perforations" (column 2, line 6). 

b) In the system of Nowers, the perforations are also measured. To this end, a 
"porosity measuring device 5" is arranged above the web. This measuring unit 5 is thus used to 
measure the "porosity" of the tipping paper in the region of a continuous web of this material. 
After the cigarettes with filter have been finished, a further check is made in the region of a 
"cigarette testing device 7". Both testing devices 5 and 7 actuate a unit 8, namely a "control 
circuit 8". Nowers also provides details concerning the technology to be applied: The measuring 
device 5 for the perforation in the region of the material web is used to modify the laser 4, i.e. to 
change the perforation in the region of the perforation rows 22. Nowers refers to this intervention 
in the perforation process as a "quick response". 

In contrast, the testing of the cigarettes in the region of the testing device 7 is designated 
as "long-term control". The difference between "quick response" and "long-term control" is not 
explained any further. However, it can be assumed that a check of the perforations and the 
derived control of the perforation element applies only to the checking and perforation 
operations conducted in the region of the yet unprocessed material web. It is obvious that 
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measurements are made only in the region of the finished cigarette when long-term changes must 
be made in the mechanical perforation elements. 

c) The testing devices 5 and 7 are shown only schematically in Nowers. The 
description also fails to provide any informative details concerning their construction and 
operation. With respect to testing device 5, i.e. concerning the checking of perforations in the 
region of the material web, it is stated that a pneumatic measurement of the web is conducted 
(column 2, lines 10, 1 1 : "measuring the pressure drop through the tipping paper"). However, the 
person skilled in the art does not learn how this measuring unit is supposed to be configured and 
operated in detail. 

This information gap also applies to testing device 7 for the finished cigarettes. Vague 
conclusions can be made by referring in addition to GB 2 121 669 (copy enclosed), which is 
cited by Nowers in column 2, line 28. Taking this reference into consideration, one learns that it 
also recommends "double testing". For one, the air permeability of a continuous material web for 
the tipping paper is established using "porosity measuring". Following a "filter attachment" unit, 
a check is made of the finished cigarettes. The specification teaches that the "dilution factor of 
each cigarette" is measured, i.e. the entire air permeability of a cigarette. This specification too 
fails to make any reference to a control loop. 

2. US 4 193 409 to Wahle relates primarily to the configuration and operation of a 
testing unit for finished cigarettes. Wahle employs - as in the case of the present invention - a 
drum, which has hollows at its circumference for accommodating the cigarettes. Each of these 
hollows is associated with testing elements, as shown in detail in Fig. 4. 

The testing method utilized by Wahle is also made with respect to the entire cigarette. 
The cigarette, as shown in Fig. 4, is clamped axially between retaining flanges 31 A and 3 IB, 
with an elastic nipple 63 abutting the filter end of the cigarette. Compressed air is introduced into 
the cigarette at both of its ends, i.e. at the free end of the filter as well as at the free end of the 
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tobacco stick. The air escapes according to overall cigarette permeability. In Wahle, the loss of 
pressure is measured. Pressure is introduced into the common pressure line via the elements 67, 
68, 69. Attached to these is a transducer 71 . This transducer acts via a number of circuits 72, 73, 
76 on a reversible electronic motor 77. The latter drives with its transmission 78, 49 a 
mechanical perforation device, namely a spiked roller, shown in detail in Fig. 3, including the 
drive shaft 49. Thus, Wahle employs a different testing method with no reference being made to 
a "control loop" as claimed by Applicant. 

Thus, Applicant respectfully submits that the subject matter/invention of each of the new 
claims 14-22 is both novel and non-obvious over the prior art cited by the Examiner. The 
checking of perforations using compressed air conducted through the cigarette or the filter and 
which is measured at the exit side in terms of the drop in pressure is not taught or even suggested 
by the cited prior art. Also of importance is the novel and non obvious continuous or cyclical 
testing and introduction of the test results into a "control loop". 

Applicant respectfully requests the Examiner to reconsider and withdraw the rejections 
under 35 U.S.C. § 1 12, second paragraph, and 35 U.S.C. § 103(a), and to find the application to 
be in condition for allowance with all of claims 14-22; however, if for any reason the Examiner 
feels that the application is not now in condition for allowance, the Examiner is respectfully 
requested to call the undersigned attorney to discuss any unresolved issues and to expedite the 
disposition of the application. 

Applicant files concurrently herewith a Petition (with fee) for Extension of Time of one 

month. 
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Applicant hereby petitions for any extension of time which may be required to maintain 
the pendency of this application, and any required fee for such extension is to be 
charged to Deposit Account No. 19-4880. The Commissioner is also authorized to charge any 
additional fees under 37 C.F.R. § 1.16 and/or § 1.17 necessary to keep this application pending in 
the Patent and Trademark Office or credit any overpayment to said Deposit Account No. 19-4880. 



Respectfully submitted, 



/John H. Mion/ 
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(54) Spark perforation of web ma- 
terial 

(57) Filter cigarettes with a predeter- 
mined dilution factor are produced 
by perforating a filter attachment 
web by means of an adjustable per- 
forating device prior to using por- 
tions of the web to join filters to 
cigarettes; measuring the porosity 
of the perforated web; measuring 
the dilution of cigarettes assembled 
with portions of the web; and con- 
trolling the perforating device by 
immediate response to the mea- 



sured porosity and by progressive 
response to the dilution of the as- 
sembled cigarettes. The perforating 
device may comprise spark perforat- 
ing electrodes, the web being possi- 
bly passed twice between the elec- 
trodes. The spark perforating elec- 
trodes may comprise rods held be- 
tween metal plates, there being die- 
lectric material between the rods 
and plates. 
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SPECIFICATION 

Spark perforation of web material 

5 This invention is concerned with a number of 
improvements in relation to perforation of a 
moving web, especially by means of sparking 
and especially with reference to perforation of 
the paper web material used for filter attach- 

1 0 ment in a filter cigarette making machine. The 
various improvements may be used indepen- 
dently or in any desired combination. 

According to a first aspect of this invention 
there is provided a method of producing ciga- 

1 5 rettes with a predetermined dilution factor 
comprising perforating a filer attachment web 
by means of an adjustable perforating device 
prior to using portions of the web to join 
filters to cigarettes; measuring the porosity of 

20 the perforated web; measuring the dilution of 
cigarettes assembled with portions of the web; 
and controlling the perforating device by im- 
mediate response to the measured porosity 
and by progressive response to the dilution of 

25 the assembled cigarettes. The dilution signal 
is obtained from a cigarette inspection device 
which measures the dilution of each cigarette 
produced; for example, the inspection device 
may be as described in British patent applica- 

30 tion No. 2050804. A running average of the 
dilution signal may be used to control the 
perforating device. For example, it may be 
obtained by means of an analogue integrating 
device or it may be established digitally from 

35 a predetermined number of previously tested 
cigarettes. 

It is important that a progressive control in 
response to dilution or mean dilution is 
achieved. That is to say, there is no abrupt 

40 change in the control applied to the perforat- 
ing device. Instead a change in either direc- 
tion is effected at a predetermined measured 
rate, either stepwise or continuously. In appa- 
ratus terms this preferably involves the use of 

45 an up/down counter as described below. 

In a preferred arrangement the perforating 
device is controlled in response to the differ- 
ence between the measured porosity and a 
porosity reference signal, and the reference 

50 signal is progressively compensated for 
changes in cigarette dilution. 

According to a second aspect of the present 
invention there is provided an apparatus for 
producing filter cigarettes with a predeter- 

55 mined dilution factor, comprising an adjust- 
able perforating device for perforating a filter 
attachment web; means for measuring the 
porosity of the perforated web; means for 
using portions of the perforated web to join 

60 filters to cigarette rods to form filter cigarettes; 
means for measuring the dilution of the filter 
cigarettes; and control means for controlling 
the perforating device immediately in re- 
sponse to the measured porosity and progres- 

65 sively in response to dilution measurement of 



the filter cigarettes. 

According to a third aspect .of the present 
invention there is provided a method of spark 
perforating a filter attachment web, compris- 

70 ing passing a web between two electrodes 
first in one direction and then in the opposite 
direction, the electrodes being connected to a 
power supply so that sparks pass through the 
web while the web is moving in both direc- 

75 tions between the electrodes. 

Preferably the web has a printed surface 
which faces one electrode during the first pass 
and the other electrode during the second 
pass. 

80 According to a fourth aspect of the present 
invention there is provided an apparatus for 
spark perforating a filter attachment web, 
comprising spaced electrodes connected to a 
power supply for producing sparks between 
85 the electrodes; and means for passing a web 
between the electrodes first in one direction 
and then in the opposite direction so that said 
sparks pass through the web during both 
passes of the web between the electrodes. 
90 According to a fifth aspect of the present 
invention there is provided an apparatus for 
spark perforating a moving web, especially a 
filter attachment web, comprising a number of 
pairs of electrodes lying along a line inclined 
95 to the direction of movement of the web, the 
electrodes on one side of the web comprising 
individual rods which are held between metal 
plates which are connected to a power supply 
and together with the electrode rods form 

100 capacitances which are in series with the 
circuits including the spark gaps between the 
respective electrode pairs, and including die- 
lectric material in the space between the 
plates and the rods by which the rods are 

105 located in position between the plates. 

The invention will now be described, by 
way of example, with reference to the accom- 
panying drawings, of which: 

Figure 1 is a diagrammatic illustration of a 

110 complete machine including a web perforator, 
a porosity measuring assembly and a cigarette 
dilution testing device. 

Figure 2 is a diagrammatic illustration of 
the porosity measuring assembly; 

115 Figure 3 is a sectional view of the perforator 
in a plane transverse to the direction of move- 
ment of the web; 

Figure 4 is a section on the line IV-IV in 
Fig. 3; 

1 20 Figure 5 is a longitudinal section, on a 

larger scale, of one of the upper electrodes 

shown in Fig. 3; 

Figure 6 is a view from underneath the 

electrodes shown in Fig. 5; 
1 25 Figure 7 is a section on the line VII— VII in 

Fig. 6 and 

Figure 8 is a block diagram showing a 

control circuit which may be used in the 

system shown in Fig. 1 . 
1 30 Fig. 1 shows a filter attachment machine 
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including an assembly device 1 0 whereby 
portions cut from a web 1 2 are wrapped 
around abutting cigarette and filter portions, 
in any well-known way, to produce filter cigar- 

5 eetes 1 4. A cigarette inspection device 1 6 
tests each cigarette in turn to detect cigarettes 
with faults, and also measures the dilution 
factor of each cigarette or the average dilution 
over a number of successive cigarettes. 

10 On its way to the filter attachment device 
10, the web 1 2 passes a spark perforating 
device 1 8 and a porosity measuring assembly 
20. The perforating device 18 is powered by 
a power unit 22 controlled by a control circuit 

15 23 in response to signals received from the 
porosity measuring assembly 20 and the in- 
spection device 1 6. This provides two perfora- 
tion zones across the width of the web 1 2. A 
possible arrangement for the control circuit 23 

20 is shown diagrammaticaliy in Fig. 8. 

The perforating device 18 includes upper 
and lower members 18A and 18B carrying 
electrodes between which sparks are pro- 
duced to perforate the web; the electrodes of 

25 the lower member 18B are live, the voltage 
and/or the frequency of the power supply 
from the power unit 22 being controlled by 
the control circuit 23. The electrodes of the 
upper member 18A are earthed as shown. 

30 The web is arranged to make two passes 
between the upper and lower sets of elec- 
trodes. As shown in Fig. 1 , the web first 
moves to the right, then returns around a 
pulley 1 8C before being guided by a further 

35 pulley 1 8D into a path parallel and close to 
the upper pass of the web; the web makes a 
second pass between the electrodes while 
moving to the left. In the case of filter attach- 
ment paper having a print on one side (e.g. of 

40 cork-like appearance as is common), the print 
preferably lies on the surfaces of the web 
which face outwards towards the respective 
electrodes. That facilitates removal of debris 
created by the print, for example by means of 

45 a purging air flow through the perforator, 
which may be as shown in Fig. 3. 

Fig. 2 illustrates diagrammaticaliy a pos- 
sible arrangement for the porosity measuring 
assembly 20. A fan 24 supplies air via a 

50 pressure regulator 25 and a laminar flow 
orifice 26 to a measuring head 27. Tension is 
maintained in the web 1 2 to urge the web 
firmly into sealing contact with the head 27 
so that air is forced through the web at both 

55 perforation zones which move respectively 
across air outlet ports 27A and 27B. The 
pressure regulator (for example, a Fairchild 
Precision Regulator, Kendall model 1 0, part 
No. 101 12TL) provides a regulated pressure 

60 of 10cm W.G. and the resulting flow is in- 
dicative of the porosity of the web. Flow is 
monitored by measuring the pressure drop 
across orifice 26 by means of a differential 
pressure transducer 28. (A suitable laminar 

65 flow orifice is the FC093-6 model, and a 



suitable transducer is the FC 040/5mm 
W.G., both devices being supplied by Furness 
Controls Limited.) 

Since this system works by blowing air 

70 through the perforations (rather than using 
suction) it ensures that loose material left on 
the paper by the perforation process is blown 
away and cannot enter and contaminate the 
laminar flow orifice in particular. 

75 Figs. 3 to 6 show a spark perforating device 
which may be used in the system shown in 
Fig. 1 . This device incorporates an improve- 
ment to an invention described in British 
patent application No 207921 2. 

80 As shown in Figs. 3 to 5, the perforator 
includes a row of rod electrodes 46 for each 
of the two perforation zones. These electrodes 
are connected (in a manner described below) 
to a high tension lead 47. Upper electrodes 

85 48 are mounted in an earthed carrier member 
49, each of these electrodes 48 being in the 
form of a metal bar machined so as to provide 
points 48A as described below. The detailed 
construction of each of the electrodes 48 is 

90 shown in Figs. 5 to 7, 

Each of the rod electrodes 46 cooperates 
with a point 48A on a corresponding upper 
electrode, their relative dispositions being 
shown in Fig. 5. It should be noted that each 

95 rod electrode 46 is offset with respect to the 
portion of the corresponding electrode 48 
which defines the point 48A, which lies 
closest to the rod electrode. More specifically, 
as shown in Fig. 5, the closest path for each 

1 00 spark between the electrodes extends between 
a point 48A and one edge of the correspond- 
ing rod electrode 46, namely the edge lying 
upstream in relation to the direction of move- 
ment of the paper web (indicated by the arrow 

105 50). The clearance between the electrodes 46 
and 48 may, for example be 0.25 mm. As an 
idea of scale, the rod electrodes 46 may have 
a diameter of 2.3 mm (pitch 6 mm). 
The shape of each member 48 forming the 

110 upper electrodes is shown in Figs. 5 to 7. It is 
important to note that each member 48 is 
machined to produce a row of saw-tooth 
shaped projections extending downwards from 
a body of substantial mass which carries away 

1 1 5 heat generated by the sparking. Reference has 
been made to the points 48A, but it should 
be noted that these points are in fact flat 
lands of small dimension as shown particu- 
larly in Fig. 6. Each "point" lies at the lower 

1 20 extremity of a projection having a .vertical 
flank 48B which is aligned with the down- 
stream side of the corresponding rod electrode 
46, and a sloping flank 48C which diverges 
away from the web in the direction of move- 

1 25 ment thereof. 

Each vertical flank 48B lies in a vertical 
plane transverse to the direction of movement 
of the web, the closest portions of the coop- 
erating electrodes being in that plane; the rod 

1 30 electrode lies entirely upstream of that plane, 
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while the projection forming the effective elec- 
trode portion of the bar 48 lies on the other 
side of the plane (i.e. downstream in relation 
to the direction of movement of the web. 
5 Each member 48 lies in a groove in the 
carrier member 49 and is secured thereto by 
bolts (not shown) passing through apertures 
48D. 

The perforator is set with the rows of elec- 

1 0 trodes inclined to the direction of movement 
of the web by an adjustable small angle. Thus 
the resepective pairs of cooperating electrodes 
form separate rows of longitudinal perfora- 
tions in the web which are slightly spaced 

1 5 laterally across the web. 

Each of the rod electrodes 46 is connected 
to the high tension cable 47 via a series 
capacitance formed in the following way. As 
shown particularly in Fig. 4, the rod elec- 

20 trodes 46 of one row lie between a metal 

plate 50 and a metal body 52. Between those 
metal members and the electrodes there are 
two ceramic plate-like parts 53 and 54 which 
are machined with grooves of semi-circular 

25 cross-section to receive the electrodes 46, as 
shown in Fig. 4. The member 52 is formed 
with a vertical slot 52A; its left-hand side 
portion cooperates with a further metal plate 
55 to sandwich between them a pair of cera- 

30 mic members 56 and 57 which are similar to 
the members 53 and 54. The metal parts 50, 
52 and 55 are electrically connected together 
at their ends by horizontal metal straps (not 
shown) which lie across the ends of those 

35 members and are secured to the members by 
bolts, thus securing together the entire assem- 
bly. 

It will be understood that the ceramic parts 
provide a dielectric between the metal mem- 

40 bers and the electrodes. As a result, there is a 
current-limiting capacitance between the high 
tension lead 47 and each of the electrodes 
46. This ensures that substantially the same 
current (from the sparking) flows between 

45 each electrode member 48 and each of its 
cooperating rod electrodes 46. 

There may be a thin layer of silicon rubber 
or ceramic adhesive between each of the 
ceramic parts and the adjacent metal parts 

50 and electrodes 46. 

The ceramic parts 53 and 56 have flanges 
53A and 56A whereby the lower electrode 
assembly is secured in an insulating manner, 
by means of Nylon bolts 58, to a metal base 

55 member 59 which is earthed (in a manner not 
shown). The carrier 49 for the upper elec- 
trodes 48 is electrically connected to the base 
member 59 via a metal case 60. The cable 
47 passes through an aperture in the case 

60 including an insulating bush 61, 

Air is drawn through the perforator to carry 
away gas and other debris produced by spark 
erosion of the web. In the specific arrange- 
ment shown in Fig. 3 (which may however 

65 readily be varied) air from a source of com- 



pressed air is blown into the enclosure of the 
perforator via pipes 62 and 63, while an air 
mover 64 is arranged to extract air from the 
enclosure via a manifold 65 and a number of 
70 vertical passages 66 extending through the 
base 59. The air mover may be of any known 
construction and may produce movement of 
air through a venturi action produced by com- 
pressed air blown into the air mover in a well- 
75 known manner. 

With reference to Fig. 6, each electrode 
member 48 and the parts of the member 49 
lying between each member 48 and a row of 
air supply slots 49A may be machined away 
80 to the level shown by the dotted line (i.e. 
flush with the bottoms of longitudinal grooves 
48E) to allow air from the slots 48A to pass 
freely over the top of the paper 1 2, between 
the tooth-like projections 48B, 48C to carry 
85 away debris. 

Instead of the single air mover (64) for 
exhausting air from the perforator enclosure, 
there may for example be two air movers 
mounted respectively in the opposite case 
90 members 60. 

The flow of air around the electrodes, for 
cooling and removing debris may be improved 
by providing vertical passages between adja- 
cent projections of the upper electrode 48 and 
95 supplying air pressure to these passages via a 
pressure slot formed in the carrier member 
49. In addition, suction may be applied below 
and to the sides of the upper electrodes 48 
(as viewed in Fig. 3) by holes in the carrier 
100 member 49 supplied via a suction manifold 
placed above the carrier. This suction may 
also be used to urge the paper towards the 
upper electrodes, and the arrangement then 
preferably includes guides to limit upward 
105 movement of the web to avoid actual contact 
between the web and the upper electrodes or 
to minimise the force with which any such 
contact is made. 
To avoid the risk of damaging the paper, 
1 1 0 and to reduce electrode wear, the projections 
may terminate in a flat surface perpendicular 
to the vertical flank 48B. The corner thus 
formed by said surface and said flank forms a 
point from which sparks may cross the gap. 
1 1 5 The upper electrode 48 and rod electrodes 46 
are therefore brought closer together to pro- 
vide a gap of suitable width. The upper elec- 
trodes may be of mild steel, preferably with a 
coating of Rhodium. The rod electrodes are 
120 preferably of nickel chromium alloy. 

Fig. 8 shows a possible arrangement for the 
control circuit 23 in Fig. 1 . The output from 
the transducer 28 (indicativeof web porosity) 
is applied to a comparator 80 via a variable 
1 25 gain unit 81 (e.g. a potentiometer or variable- 
gain amplifier). At the comparator 80 the 
attenuated (or amplified) porosity signal is 
compared with a controlled reference signal, 
obtained as described below. 
1 30 A cigarette inspection device (not shown) 
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provides an output to a terminal 82 and 
thence to a comparator 83 indicative of the 
dilution of the cigarette then passing through 
the inspection device or of the average dilu- 

5 tion of a predetermined number of previously 
measured cigarettes. At the comparator 83 
the dilution signal is compared with a pre- 
selected dilution reference from a potentio- 
meter 84, which reference corresponds to the 

10 desired dilution level. 

If the dilution or average dilution as mea- 
sured by the cigarette inspection device is 
lower than the dilution reference, the output 
from the comparator 83 goes high. The out- 

1 5 put from the comparator 83 is applied to an 
up/down counter 85 which receives clock 
pulses from the machine via a terminal 86 at 
a rate of one pulse per cigarette or per two 
cigarettes produced by the machine. When 

20 the output from the comparator 83 is high, 
the up/down counter 85 counts up on receiv- 
ing a clock pulse. Likewise when the output 
from the comparator 83 is low the up/down 
counter 85 counts down on receiving a clock 

25 pulse. 

The output from the up/down counter 85 
is applied to a digital-to-analogue converter 
87 which produces an analogue output at a 
level proportional to the count level reached 

30 by the counter. The controlled reference signal 
for the comparator 80, transmitted along the 
line 88A, is produced by adding the output of 
the analogue-to-digital converter 87 to a poro- 
sity reference signal by means of a summing 

35 amplifier 88; the porosity reference signal is 
obtained from a potentiometer 89. 

The output from the comparator 80 is ap- 
plied to a summing amplifier 90 via a low 
pass filter 91 , The summing amplifier 90 also 

40 receives the porosity reference signal from the 
potentiometer 89. The output from the summ- 
ing amplifier 90 is applied to the perforator 
power unit 22, via an opto-isolator 92, and 
controls the power supplied to the perforator 

45 and hence the rate at which material is re- 
moved from the filter tipping web by the 
perforator. 

The variable gain unit 81 is pre-set so that 
the system reaches a steady state condition at 

50 the desired porosity level. In this condition the 
output from the comparator 80 will tend to 
fluctuate between high and low output levels. 
This fluctuating signal is smoothed out by the 
low pass filter 91 so that an analogue signal 

55 is applied to the summing amplifier 90 at a 
level related to the average output of the 
comparator 80. The combination of the up/- 
down counter 85 and the digital-to-analogue 
converter 87 provides a delay in the dilution 

60 control loop. This is required to stabilise the 
system because of the long delay between 
perforating a portion of web and testing the 
dilution of a cigarette assembled with that 
portion of the web, which may correspond 

65 approximately to the time it takes for 200 



cigarettes to be made. The counter also re- 
tains the average dilution value if the machine 
stops running. If required, the delay may be 
increased by increasing the resolution of the 
70 up/down counter or by reducing the clock 
pulse frequency by means of a frequency 
divider. 

As stated above, in normal operation the 
output level of the comparator 80 will fluctu- 

75 ate, thus requiring a low pass filter to produce 
a stable analogue signal. An alternative ap- 
proach is to use two comparators, one being 
arranged to respond when the porosity signal 
goes above an upper reference, and the sec- 

80 ond being arranged to respond when the 
porosity signal goes below a lower reference. 
When the porosity signal is outside the range 
lying between these two references an up/- 
down counter may be arranged to count in 

85 the required direction and in turn supply a 
digital-to-analogue converter as before. When 
the porosity signal lies within that range the 
clock pulses applied to the up/down counter 
may be suppressed, thus holding the ana- 

90 logue signal supplied to the perforation con- 
trol unit steady. 

A possible variation to the system detailed 
in Fig. 8 is to supply the porosity reference 
signal, the delayed average dilution signal and 

95 the measured porosity signal to a single 
summing amplifier. The output from such an 
amplifier may then be compared with a preset 
reference level by means of a comparator. 
As shown in Fig. 8, the circuit may function 
100 without dilution control when desired by mov- 
ing a switch 93 to the lower position. The 
perforation control unit 22 is also arranged to 
receive clock pulses from the machine via an 
opto-isolator 94. 
1 05 The output from the variable gain unit is 
also applied to a porosity display device 95 
which is arranged to sample said output on 
receiving a clock pulse from terminal 86 via a 
tine 96. The display device 95 may be ar- 
110 ranged to average a number of readings, thus 
giving an indication of average porosity, and 
is arranged to maintain an output when the 
machine is not actually running. 

115 CLAIMS 

1 . A method of producing filter cigarettes 
with a predetermined dilution factor, compris- 
ing perforating a filter attachment web by 
means of an adjustable perforating device 

1 20 prior to using portions of the web to join 

filters to cigarettes; measuring the porosity of 
the perforated web; measuring the dilution of 
cigarettes assembled with portions of the web; 
and controlling the perforating device by im- 

125 mediate response to the measured porosity 
and by progressive response to the dilution of 
the assembled cigarettes. 

2. A method according to claim 1 in 
which the perforating device is controlled in 

1 30 response to the difference between the mea- 
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sured porosity and a porosity reference signal 
and the reference signal is progressively com- 
pensated for changes in cigarette dilution. 

3. A method according to claim 1 or claim 
5 2 in which changes in the cigarette dilution 

signal are transmitted via an up/down coun- 
ter to produce a progressively changing signal 
for controlling the perforating device. 

4. A method of spark perforating a filter 
10 attachment web, comprising passing a web 

between two electrodes first in one direction 
and then in the opposite direction, the elec- 
trodes being connected to a power supply so 
that sparks pass through the web while the 
1 5 web is moving in both directions between the 
electrodes. 

5. A method according to claim 4 in 
which the web has a printed surface which 
faces one electrode during the first pass and 

20 the other electrode during the second pass. 

6. Apparatus for producing filter cigarettes 
with a predetermined dilution factor, compris- 
ing an adjustable perforating device for perfor- 
ating a filter attachment web; means for mea- 

25 suring the porosity of the perforated web; 
means for using portions of the perforated 
web to join filters to cigarette rods to form 
filter cigarettes; means for measuring the dilu- 
tion of the filter cigarettes; and control means 

30 for controlling the perforating device immedi- 
ately in response to the measured porosity 
and progressively in response to the dilution 
measurement of the filter cigarettes. 

7. Apparatus according to claim 6 in 
35 which the control means includes means for 

comparing the measured porosity with a con- 
trolled reference signal to produce a control 
signal which controls the perforating device; 
and means for progressively compensating the 
40 reference signal for changes in cigarette dilu- 
tion. 

8. Apparatus according to any one of 
claims 6 to 7 in which the control means 
includes an up/down counter which counts 

45 up or down in response to a dilution signal so 
as to produce a progressively changing output 
and a digital-to-analogue converter for con- 
verting the output of the counter. 

9. Apparatus according to claim 8 in 
50 which the up/down counter counts in re- 
sponse to a clock pulse at a frequency corre- 
sponding to the rate of production of ciga- 
rettes. 

1 0. Apparatus according to claim 9 in 
55 which the said up/down counter or another 

up/down couner included in the control 
means is arranged to cease counting when the 
dilution signal lies within predetermined lim- 
its. 

60 11. Apparatus according to any of claims 
6 to 10 in which the control signal is applied 
to the perforating device via a low pass filter. 

1 2. Apparatus according to any one of 
claims 8 to 1 1 in which the up/down counter 

65 receives the clock pulse via a frequency di- 



vider, 

1 3. Apparatus for spark perforating a 
moving web, especially a filter attachment 
web, comprising spaced electrodes connected 

70 to a power supply for producing sparks be- 
tween the electrodes; and means for passing a 
web between the electrodes first in one direc- 
tion and then in the opposite direction so that 
said sparks pass through the web during both 

75 passes of the web between the electrodes. 

14. Apparatus for spark perforating a 
moving web, especially a filter attachment 
web, comprising a number of pairs of elec- 
trodes lying along a line inclined to the direc- 

80 tion of movement of the web the electrodes 
on one side of the web comprising individual 
rods which are held between metal plates 
which are connected to a power supply and 
together with the electrode rods form capaci- 

85 tances which are in series with the circuits 
including the spark gaps between the respec- 
tive electrode pairs, and including dielectric 
material in the space between the plates and 
the rods by which the rods are located in 

90 position between the plates. 

1 5. Apparatus according to claim 1 4 in 
which the dielectric material is in the form of 
plates of ceramic material between which the 
rods are secured. 

95 16. Apparatus according to claim 14 or 
claim 1 5 in which the metal plates are con- 
nected to a high tension supply and in which 
the electrodes cooperating with the rod elec- 
trodes are earthed. 
100 17. Apparatus according to claim 16 in 
which the earthed electrodes comprise projec- 
tions on a common metal bar. 

18. Apparatus according to any one of 
claims 14 to 17 in which each pair of coop- 

105 erating electrodes has its closest portions lying 
substantially in a plane transverse to the direc- 
tion of movement of the web, one electrode 
extending substantially to one side of the 
plane and the other electrode extending sub- 

1 1 0 stantially to the other side of the plane. 

1 9. Apparatus according to claims 1 7 and 
1 8 in which the earthed electrodes are formed 
as pointed saw-tooth shaped projections, the 
rod electrodes having substantially flat ends 

1 1 5 substantially parallel to the plane of the web 
during use. 

20. A method of producing filter ciga- 
rettes with a predetemined dilution factor ac- 
cording to claim 1 substantially as described 

1 20 herein with reference to the accompanying 
drawings. 

21 . Apparatus for producing filter ciga- 
rettes with a predetermined dilution factor 
according to claim 6 substantially as de- 

125 scribed herein with reference to the accom- 
panying drawings. 

22. Apparatus for spark perforating a 
moving web according to claim 1 3 substan- 
tially as described herein with reference to the 

1 30 accompanying drawings. 



23. Apparatus for spark perforating a mov- 
ing web accordiag to claim 14 substan- 
tially as described herein with reference to the 
accompanying drawings. 
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